MASTER  COPY 


KEEP  THIS  COPY  FOR  REPRODUCTION  PURPOSES 


REPORT  DOCUMENTATION  PAGE 


Form  Approved  f 
OM S  No  Q704  0  m8( 


AD-A244  396 


1 


iQfi  s  o  'o  :  “Our  o »soc.rse  ncuGirq  t.*-e  t  me  *0'  ‘fv***'^  instructions.  se»rcnmq  enst.nq  oITi  vOurcev 

3<etinq  4n<j  rev>e-..nq  tre  ccuection  of  mfcrm^tton  Seno  comments  reoifomq  tn,s  Duraert  estimate  or  <»nv  otner  asoea  of  ? *•* 
<3u<ina  tn.s  ouraen  to  wjsru.-'qto*  neaooujrre'S  Services  O-rectorate  'or  nform^non  Ooe'anons  *n<j  »eocns ,  U  'S  .etierson 
srd  tc  t**»  QMk*  Cf  Manaqement  and  Budqe*.  ^ao^f^or*  ^eduction  P'C*ecT  (3  7Qa-0  ’  SB).  Aasnmqton  -C  .-SCj 


3.  REPORT  TYPE  AND  DATES  COVERED 

FINAL  04/0 1/87  -6/30/91 


5.  FUNDING  NUMBERS 


2.  REPORT  OATE 

Aug.  15,  91 


LABORATORY  STUDIES  OF  ATOMIC  COLLISION 
PROCESSES 


6.  AUTHOR(S) 

Rainer  Johnsen 

_ I 


7.  PERFORMING  ORGANIZATION  NAM£(S)  AND  ADDRESS 

University  of  Pittsburgh  1 

Pittsburgh,  PA  15260 


9.  SPONSORING  /MONITORING  AGENCY  NAM£(S)  AND  AODRESS(ES) 

U.  S.  Army  Research  Office 
P.  0.  Box  122 1 1 

Research  Triangle  Park,  NC  27709-2211 


DTIC 

ELECTE 


JAN  1  4 19 


DAAL  03-87-K-0048 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


10.  SPONSORING /MONITORING 
AGENCY  REPORT  NUMBER 


At lo  sum? -iO'PH 


11.  SUPPLEMENTARY  NOTES 

The  view,  opinions  and/or  findings  contained  in  this  report  are  those  of  the 
author (s)  and  should  not  be  construed  as  an  official  Department  of  the  Army 
position,  policy,  or  decision,  unless  so  designated  by  other  documentation 

1 2a  DISTRIBUTION /AVAILABILITY  STATEMENT  12&.  DISTRIBUTION  CODE 

Approved  for  public  release;  distribution  unlimited. 


13.  ABSTRACT  (Maximum  200  wordi) 

This  research  program  has  dealt  with  atomic  collision  processes  of  interest  for 
models  of  natural  or  man-made  plasmas,  such  as  electrical  discharge  devices,  gas  lasers, 
and  atmospheric  plasmas.  Specific  topics  have  included:  ( A)  Electron-ion  recombination  of 
NO  +  ,  04+,  and  N4+  ions,  preparation  of  data  compilations  on  electron-ion 
recombination.  (B)  Experimental  measurements  of  rates  of  neutral-stabilized  electron-ion 
recombination.  (C)  Experimental  measurements  of  recombination  of  positive  with  negative 
ions.  (D)  Experimental  and  theoretical  work  on  ion-atom  and  ion-molecule  elastic  and 
reactive  collisions,  and  laser-induced  charge-transfer  reactions. 


14.  SUBJECT  TERMS 

15.  NUMBER  OF  PAGES 

Electron-ion  recombination.  Plasma-afterglows.  Ion-ion  recombination. 
Ion-atom  association.  Drift-tube  techniques.  Photon-induced  charge  transfer. 

1 

16.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION  18.  SECURITY  CLASSIFICATION  19.  SECURITY  CLASSIFICATION  20.  LIMITATION  OF  ABSTRACT 
OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 

UNCLASSIFIED  UNCLASSIFIED  UNCLASSIFIED  UI> _ 


1  UNCLASSIFIED 

NSN  7540-01-280-5500 


Standard  Form  298  (Rev  2-89) 
r-Mtnoea  By  ansi  M  U9-<» 


076 


LABORATORY  STUDIES  OF  ATOMIC  COLLISION 

PROCESSES 


Final  Technical  Report 


by 


Rainer  Johnsen 
Aug.  15,  91 


U.S.  ARMY  RESEARCH  OFFICE 


Accesi'on  for 

NTtS  CF.e  SI 
DTIC 

Una.v  .'.to 

Justificdtion 


By . 

Di-t-  ib'.-J". 


Research  Agreement  No.  DAAL03-87-K-0048 


University  of  Pittsburgh,  Department  of  Physics  and  Astronomy, 

Pittsburgh,  PA  15260 


Approved  for  Public  Release:  Distribution  Unlimited 


CTi 


THE  VIEWS,  OPINIONS  ,  AND/OR  FINDINGS  CONTAINED  IN  THIS  REPORT  ARE 
^  THOSE  OF  THE  AUTHOR  AND  SHOULD  NOT  BE  CONSTRUED  AS  AN  OFFICIAL 

DEPARTMENT  OF  THE  ARMY  POSITION,  POLICY,  OR  DECISION,  UNLESS  SO 
DESIGNATED  BY  OTHER  DOCUMENTATION. 

a* 


92-00977 


I.  Scope  of  the  Research  Program 


The  research  program  carried  out  under  Research  Agreement  No.  DAAL03-87-K- 
0048  has  dealt  with  atomic  collision  processes  of  interest  for  models  of  natural  or  man¬ 
made  plasmas,  such  as  electrical  discharge  devices,  gas  lasers,  and  atmospheric  plasmas. 
Specific  topics  have  included  plasma  deionization  processes,  in  particular  electron-ion  and 
ion-ion  recombination  processes  an  ion-atom  interactions. 

Several  distinct  experimental  techniques  were  used  in  this  work,  in  particular 
afterglows  of  microwave-generated  or  photoioinized  plasmas,  and  ion  drift  tube  methods. 

Technical  details  and  results  of  this  work  have  been  published  in  scientific  journals 
or  conference  proceedings.  References  to  published  work  are  given  in  the  sections  on 
specific  research  topics. 

II.  Specific  Research  Topics 

A.  Dissociative  recombination  of  electrons  with  molecular  ions. 


1.  Our  earlier  work  on  recombination  of  NO+  ions  as  a  function  of  electron  temperature 
was  published  during  this  report  period.  (Ref.l) 

2.  Our  earlier  work  on  recombination  of  04+  ions  as  a  function  of  electron  temperature  was 
published  during  this  report  period.  (Ref.2) 

3.  A  data  compilation  and  critical  review  of  electron-ion  recombination  data  obtained  by  the 
microwave  afterglow  method  was  published.  (Ref.  3) 

4.  Experimental  work  was  carried  out  on  molecular  band  emissions  resulting  from  prod¬ 
ucts  of  N4+  recombination.  The  results  have  just  been  submitted  for  publication.  (Ref.4) 

B.  Neutral  stabilized  electron-ion  recombination 

1 .  Experimental  work  was  carried  out  on  high-pressure  recombination  in  helium  gas  to  test 
theories  of  neutral-stabilized  electron-ion  recombination.  This  work  has  been  published. 
(Ref.  5) 

2.  A  search  for  effects  of  electron  localization  on  electron-ion  recombination  in  cryogenic 
helium  plasmas  at  a  temperature  of  4K  has  been  carried  out.  This  work  is  still  in  progress. 

C.  Recombination  of  positive  with  negative  ions. 

1.  Subsequent  to  the  development  of  suitable  experimental  methods,  ion-ion  recombination 
of  molecular  ions  was  studied  in  helium  and  argon  gas  in  order  to  test  theories  on  such  pro¬ 
cesses.  The  results  have  been  published.  (Ref.6) 

2.  The  recombination  of  Xe+  with  F~  ions  and  excimer  emissions  from  the  XeF*  product 
were  investigated.  The  results  have  been  published.  (Ref.7) 


D.  Ion-atom  and  ion-molecule  reactions 


1.  As  a  test  of  ion  transport  theory,  the  mobility  of  He+  ions  in  helium  was  measured  and 
the  results  were  compared  to  theoretical  calculations  by  L.A.  Viehland  using  interaction 
potentials  obtained  from  spectroscopic  data.  This  work  was  published  jointly  with  L.A. 
Viehland.  (Ref.  8) 

2.  A  semi-empirical  theory  on  ion-atom  association  reactions  was  developed  and  compared 
to  experimental  data  on  such  reactions.  The  goal  of  this  work  was  to  provide  a  simple  esti¬ 
mating  formula  that  could  be  used  to  obtain  rate  coefficients  for  plasma  models.  Published 
(Ref.9) 

3.  Ion-molecule  association  reactions  in  HCN  were  studied  experimentally.  Published 
(Ref.  10) 

4.  Very  extensive  work  was  performed  to  find  evidence  for  laser-induced  charge  transfer  of 
Ne+  ions  with  He.  It  appears  that  cross  sections  for  laser  induced  charge  transfer  are  far 
smaller  that  had  been  expected  from  previous  work.  This  work  is  still  in  progress. 
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